In this issue of Neuron, Zhang et al. (2016) develop a novel approach to generate populations of human astrocytes to uncover their uniquely human traits.
The contemplation of celestial things will make a man both speak and think more sublimely and magnificently when he descends to human affairs. -Marcus Tullius Cicero (Klopsch, 1896) Long considered mere support cells for neurons, recent papers indicate ''staring'' roles for astrocytes in the regulation of CNS function, neural circuit formation, synaptic plasticity, and human disease (Chung et al., 2015) . Named for their distinctive appearance, Santiago Ramó n y Cajal and others have noted diverse astrocyte morphologies and increased size and complexity of human astrocytes when compared to their rodent counterparts (Ramó n y Cajal, 1897; Oberheim et al., 2009). Glia comprise 10%-20% of cells in the Drosophila nervous system and about 50% of cells in the human brain; a large proportion of these are astroglia, and this suggests that they have acquired properties crucial for the increased complexity of neurological function that has emerged during evolution (Freeman and Rowitch, 2013 ). An important approach to the identification of novel astrocyte functions has been transcriptional profiling in mice. However, whether these findings would translate to the human brain has remained largely unanswered.
In this issue of Neuron, Zhang et al. (2016) extend this body of work, by describing the molecular repertoire of human astrocyte gene expression during development and in certain disease states. In the human brain, several methods have been used to determine astrocyte gene expression including laser capture microdissection, single cell isolation (Darmanis et al., 2015) , and gene coexpression analysis (Oldham et al., 2008) .
Here, Zhang et al. (2016) developed a novel immunopanning and culture approach to generate populations of human astrocytes that retained faithful characteristics of astrocytes in vivo. In serum-free culture conditions, they showed that astrocytes with complex process-bearing morphology were maintained for up to 3 weeks. To confirm functional abilities of primary human cultures, Zhang et al. (2016) performed standard assays used for rodent astrocytes. For example, in astrocyte and neuron co-cultures, human astrocytes were found to promote neuron survival and development of functional synapses, and human astrocytes were also able to engulf synaptosomes. These results indicated functions of human astrocytes common to rodent astrocytes, but what about differences and/or potential enhancements of the human version?
Previous studies in human post-mortem and surgically resected tissue samples have found that human astrocytes are larger, contain more processes, and have distinct calcium dynamics when compared to rodent astrocytes (Oberheim et al., 2009; Han et al., 2013) . Zhang et al. (2016) observed that primary human astrocytes are also larger and contain more processes than primary rat astrocytes, consistent with cell-intrinsic differences mediating the observed increase in size. Two observations further indicate different signaling mechanisms in human versus rodent astrocytes. First, adult human primary astrocytes showed calcium responses to glutamate receptor agonists; this was not found in a previous adult mouse astrocyte study (Sun et al., 2013) . Second, glutamate did not stimulate calcium responses in fetal human astrocytes contrary to observations in fetal rat astrocytes. These results suggest that calcium responses might be fundamentally different in human versus rodent astrocytes, although care must be taken in making generalizations about astrocyte signaling since results are highly dependent on the analysis conditions (for discussion, see Khakh and McCarthy, 2015) .
To understand the genes expressed uniquely in human astrocytes, Zhang et al. (2016) used RNA-sequencing (RNA-seq) to create a transcriptome database of acutely isolated human neurons, astrocytes, oligodendrocytes, microglia, and endothelial cells. With this data, which describes the baseline transcriptional state of mature human astrocytes, Zhang et al. (2016) probed for differences across a variety of conditions including development, disease, and species. They found many transcriptional differences between adult human and fetal human astrocytes highlighting the more proliferative capacity of developing human astrocytes.
To investigate human disease conditions, Zhang et al. (2016) isolated astrocytes from glioblastoma (GBM) tumor samples. GBM is thought to comprise astrocyte-and oligodendrocyte-like cells, but the molecular identities of these cells remain poorly characterized. This analysis indicated that astrocytes derived from the tumor core were more transcriptionally similar to fetal astrocytes, whereas astrocytes obtained from the tumor periphery were more similar to adult astrocytes. Further investigating their adult human astrocyte samples with respect to reactive astrocytes, Zhang et al. (2016) clarified that their serum-free conditions produced cells that lack the reactive signature of commercially available human astrocyte preparations derived from serum-containing cultures. As expected from previous morphological studies, astrocytes derived from GBM and epilepsy cases contained expression profiles more similar to reactive astrocytes. Lastly, Zhang et al. (2016) compared the transcriptome of isolated adult mouse astrocytes, using an identical protocol to their adult human astrocyte samples. Notably, they detected and validated many transcriptional differences between the species, indicating that the observed functional and morphological differences between human and mouse astrocytes might be explained by differences in gene expression.
Like the previous mouse cell-type transcriptome databases generated by the Barres laboratory (Cahoy et al., 2008; Zhang et al., 2014) , this database provides an important resource for the neuroscience community, including signatures of all the basic classes of human brain cells. One important class of markers provided in this paper is that of the ''astrocyte precursor cell'' (APC), which can be recognized based on its immature properties (e.g., mitotic markers, lack of radial glial morphology; Tien et al., 2012; Ge et al., 2012) . The APC dataset provided will allow further interrogation of sequential stages of astrocyte development. Thus, this study enables novel lines of research to better understand human astrocyte developmental origins, genetic regulation, and terminal differentiation. The identification of novel astrocyte-encoded genes will facilitate analysis that could show new roles for astrocytes in maintenance of normal neurological function and in disease states.
Additionally, this study addresses the interesting issue of conserved astrocyte functions during evolution with the comparison of mouse and human astrocytes. It sheds light on characteristics of human astrocytes responsible for enhanced cognitive abilities previously observed in mice that had replacement of endogenous astrocytes with human counterparts in glial chimeras . Conservation of astrocyte function might also be extended to invertebrates (Freeman and Rowitch 2013) ; if so, the advantages of this invertebrate model system are ease in confirming in vivo expression as well as loss-and gain-offunction screens in astroglia. A major barrier in the field remains a lack of lineage-specific drivers for targeted/conditional gene manipulation in astrocytes. Further screening of markers could provide important clues for loci to harness for introduction of cre drivers, conditionally activated alleles, and so on.
There is obviously a great deal more to learn about astrocytes, and an enhanced appreciation of the lineage will fill critical gaps in our understanding of neural circuit formation and maintenance both in normal development and disease. Future studies should address the extent and nature of astrocyte regional heterogeneity, as shown in an early study (Doyle et al., 2008 ) that together with recent work suggests specialized astrocyte-encoded functions in a variety of CNS domains (Molofsky et al., 2014) . Within such domains, astrocytes might additionally show neuron subtype-specific relationships at the single cell level that can now be addressed (Darmanis et al., 2015) . The findings of Zhang et al. (2016) will undoubtedly help to launch further explorations of the astrocyte cosmos.
